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A significant anount of tine and effort was expended to
convert the nodel code running on the Cray conputers over to
the IBMSP. Any differences in the output fromthe two
different runs needed to be accounted for and expl ai ned. The
suite of benchmark codes consisting of 9 suites of runs for
the Meso Eta Mobdel and the gl obal spectral nodel were run
and achi eved ~5x speed up over the Cray C 90.

The hourly RUC2 and the 4-per-day Eta becanme operational on
the IBMSP in Bow e, MD on Nov 18, 1999.

An easily reconfigured, nulti-platformversion of the Eta
Model was nmade available in May 1999. This system all ows
the user to run the Eta at their own site on a UN X/ LI NUX
wor kstation and the ability to downl oad real-tinme data from
NCEP nodel s.

Wbrk continues on the nonhydrostatic Eta. It appears to be
conputationally robust at all resolutions and efficient in
NWP applications. Forecasts of traditional neteorological
paraneters between the hydrostatic and nonhydrostatic
versions are al nost indistinguishable by eye.

In conjunction with NCAR, FSL, and the University of

Ckl ahoma, devel opnent has begun for the new Wat her Research
and Forecasting (WRF) Model. The WRF will conbine the
expertise of operational and research nodelers in

col | aborati ve devel opnent of an inproved nesoscal e weat her
forecast nodeling and data assimlation system The WRF

will be a nonhydrostatic nodel and be designed for 1-10 km
hori zontal resolution with advanced data assimlation and
physics. It will be accurate and efficient across a broad

range of scales and will be well suited for both research
and operations.

A single colum nodel version of the NCEP MRF nodel has been
devel oped. It will enable programers to eval uate and debug
changes in the physics packages. It will also be useful in
di agnosi ng nodel behavi or.

In md March 1999, the NOAA-15 HI RS/ 3 and AMSU- A radi ances
were added to the global nodels. It assimlates the data
and deconposes the bias of all radiances into three
conponents.

A targeted observation study underway i s showi ng sone



prom sing results. An area where significant weather is
expected to develop in the future is identified. Then using
t he Ensenbl e Transform nmet hod, an area to have extra
dropsondes taken is identified. The results show a positive
i mpact on the quality of surface pressure, tropospheric

W nds and precipitation forecasts in the target area.

A new third generation gl obal ocean surface wave forecast
nodel has been devel oped, eval uated, and approved for
operational inplenentation at NCEP. The nodel uses a
1.0/1,25 latitude/l ongitude resolution. This nodel referred
to as the NOAA WaveWatchl Il (NWA) has replaced the current
operational WAM Cycl e 4 wave nodel on the |BM machi ne.

Two new regi onal wave forecast nodels, one for the northwest
Atl antic region and another for the Gulf of Al aska and
Bering Sea regi on have been devel oped and eval uated. Both
nodel s are based on the physics and nunerics of the NWAB
nodel. The grid resolution in these regional nodels is 0.25
degrees in latitude and | ongitude. These will also repl ace
the current operational regional nodels on the |BM nmachi ne.

NSCAT data assimlation experinments with the gl obal NW
nodel showed little inpact in the Northern Hem sphere and
slightly nore inpact on the Southern Hem sphere. An

eval uation of the NSCAT retrievals appears to show possible
contam nation by rain.

A Coastal Marine Denonstration Project has been conducted
of f the East Coast of US surrounding the Chesapeake Bay area
during June-July, 1999. The purpose of the denonstration is
to provide guidance forecast products of several marine
fields such as the ocean surface winds, fog and visibility,
etc. as well as ocean paraneters such as surface currents,
SSTs, water |levels, etc. to a set selected users from
comercial and recreational communities and eval uate their
useful ness. Feed back fromthe sel ected users has been
collected and is currently being eval uat ed.

Sea ice drift forecasts have been extended to 16 days to
provi de | onger range gui dance to the Al askan region.

Efforts to devel op the MOS-2000 system and the next genera-
tion of centralized MOS gui dance were well underway. (See
2.1.1)

Version 2.0 of the System for Convection Anal ysis and
Nowcasting (SCAN), which includes the functionality of the
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Nat i onal Severe Storns Laboratory’s Warning Deci sion Support
System was prepared for AWPS inplenentation. (See 2.1.2)

The LAMP system anal ysis was nodified to handl e variabl e
grid spacing. The LAMP QPF system was prepared for AW PS
i npl enentation. (See 2.1.2)

An extratropical stormsurge nodel to forecast water heights
al ong the northwest coast of the U S. was devel oped. (See
2.1.3)

Devel opnent and testing of interactive forecast preparation
and product generation techniques for public and various
speci ali zed weat her forecasts continued with a dual enphasis
on conpleting techniques to generate products in the current
product suite as well as preparing new grid-based forecast
products. (See 2.1.4)

The Operational Cray C-90 caught on fire on Sep 27, 1999.
The fire put the C90 permanently out of service. This,
conbined with having to nove the new IBM SP to the Bow e, M
due to unfavorable environnmental conditions in the Suitland
facility, resulted in going into backup node. Due to
running the Eta at 80 kmresolution, there was a degradation
of the Eta nodel from28 Sep to 18 Nov. FSL had to send the
40 km MAPS to back up the RUC2. The AVN was only run tw ce
a day instead of four tinmes a day. There were no ensenbl es
produced during this tinme period and the MRF was run out to
only 10 days instead of 14.
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1. RESEARCH AND DEVELOPMENT | N NUVERI CAL ANALYSI S AND
PREDI CTI ON SYSTEMS

1.1 A obal Forecast Systens Devel opnent Activities

1.1.1 Anal ysi s

NOAA- 15 H RS/ 3 and AMBU- A Radi ances

In md March 1999, the NOAA-15 H RS/ 3 and AMSU- A
radi ances were added. In addition to assimlating new data, the
i npl enent ati on deconposed the bias of all radiance data into
t hree conponents; a static bias correction, a weighted | apse
rate correction which is basically a mean | apse rate over the
si mul at ed radi ance observation, and a tine dependent conponent.
The inpact of the NOAA-15 data is neutral to positive, with a
greater inpact in the Southern Hem sphere (Treadon, Derber).

| BM SP Conversi on

The anal ysis code was converted to run on the | BM SP.
Verifying the correctness of the conversion required explanations
for each difference found. Large portions of the code were
optim zed and/or rewitten so that new T170 42 | evel version of
the nodel would fit into its allotted time slot. The T170 was
i npl emrented on Jan 25, 2000. (Treadon)

The Multi-Processor Parallel (MPP) Operational SSI Analysis
System

The MPP system has been devel oped and inpl enented. It
is designed and optimally tuned to obtain the best possible
performance. It includes a high stable | oad bal ance schenme to be
able to input any possible observations. The accuracy of the MPP
systemis nmuch higher than the original non-MPP systemand is
limted only by machine Iimtations. The MPP version of SSI
anal ysi s system whi ch i ncludes Doppl er wi nd observati ons has been
conpl eted and tested. The devel opnent of an MPP SSI Anal ysis
System whi ch uses m xed various resolutions is in progress. This
shoul d i nprove forecast quality and conputational efficiency.
(Sel a)

Anal ysi s on Physi cal Space

Nunerical recursive filters have been applied to the
task of convolving a spatial distribution of innovations with a
snoot hing kernel that is interpreted to be a covariance function
of background error. The flexibility of using a recursive filter
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to apply background error on a grid includes spatial variation of
vari ance and correlation length and fully ani sotropic
correlations in three space dinmensions. (W)

Target ed Observati ons

A quasi - operati onal adaptive observing program was
established (Wnter Storm Reconnai ssance program WSR). In this
program dropsonde data are collected in the northeast Pacific,
usi ng NOAA and USAF aircraft, with the aimof reducing forecast
errors associated with significant weather events, identified in
advance (Toth et al., 1999). The areas from which the obser-
vations are expected to produce the |largest inpact are identified
with the Ensenble Transform (ET, Bishop et al., 1999) technique,
devel oped in collaboration with Penn State scientists. The
targeted data were found to have a significant positive inpact on
the quality of surface pressure, tropospheric w nd, and precip-
itation forecasts in the areas of severe weather. (Toth,

Szunyogh)

1.1.2 At nospheric Model Devel opnent

| BM SP Conversi on

Conversion of the global nodel to the IBM SP was a
maj or project which required an enornous anmount of tinme and
manpower. There was a major enphasis on the nessage passing
interface (MPI) for communi cation and portability. |In favor of
THREADI NG, OpenMP directives were added to the three main
processes of the nodel in order to cut the comruni cati on anong
processors (multi-tasking). A schene to enable the running the
nodel with different grid resolutions in the dynam cs and physics
is close to conpletion. The nodel was also ported to an SG
Origin 2000.

Radi ati on

A major investigation of state-of-the-art radiation
paramnet eri zati ons for NCEP' s atnospheric nodel s has begun
(Canmpana). The current short wave (SW schenme (NASA, 1990's)
appears to overestimte dowward flux at the earth's surface.
The current |ong wave (LW schenme (G-DL, 1991) does not contain
i nprovenents nmade el sewhere in the 1990's. Interactions between
NCEP and the following institutions are ongoing :

. NASA Goddard (Chou, etal). Tests have been made using the
1999 revised SWschene. It includes enhanced absorption due
to water vapor, CO, and O,. Also being tested are inprove-
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ments to the aerosol paraneterization, so that it can be
restored to the operational schene.

. Col orado State University (Stephens, Partain). A one colum
version of NCEP SWand LWradi ati on was passed to CSU
Conparison testing with other paraneterizations is being
made wi th at nospheric radi ati on neasurenents (ARM data.

. GFDL (Ramaswany, Schwarzkopf, Freidenreich). The new SW and
LW codes are being brought to NCEP early in 2000.

. At nospheric and Environnmental Research, Inc. (d ough,
| acono, Mawer,etc). The LWcode is in-house and testing
has begun.

(Hou and Canpana)

Probabilistic Quantitative Precipitation Forecasts (PQPF)

A bias correction algorithm based on the ensenble
forecasts was tested. Different |evels of accumul ated
precipitation are predicted by using different percentile val ues
associated with the distribution of ensenble forecasts based on
past verification statistics. This nmethod reduced the bias and
it provides precipitation forecasts with better equitable threat
scores(ETS)than the MRF control forecasts. (Zhu and Tot h)

The | npact of ©Mddel Resol ution on Ensenbl e Forecasting

A 10 nenber experinmental, T126 gl obal ensenble was run
over a 30-day period(Szunyogh et al., 1999). The ensenble system
benefitted fromthe increased horizontal resolution nore than the
single control forecast started fromthe control analysis. The
bi ggest i nprovenent occurred in days 1-3, however, additional
i mprovenents resulted from mai ntaining the high resolution out to
7 days. Consequently, the horizontal resolution of the
operational ensenble forecasts will be increased to T126. (Toth)

MRF _Mbdel

The MRF has been nodified to include any nunber of
tracers (in addition to ozone). Experinentation wth cloud
condensate as a prognostic variable is underway (Mworthi). d oud
anounts and optical properties for radiation are determ ned
di agnostically fromthe cloud condensate amobunts. Convection as
wel | as | arge-scal e condensation are the sources of cloud
condensate. The |arge-scale condensation and the precipitation
schenme follows Zhao and Carr (1999).

Si ngl e Col um_ Mbdel

A single colum nodel version of the NCEP MRF nodel has
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been devel oped. This will enable progranmers to eval uate and
debug changes in the physics packages. It will also be useful in
di agnosi ng nodel behavi or (Moorthi).

Seni - Lagrangi an | ntegration Techni que

A version of the nodel now exists with a reduced
Gaussian grid in order to inprove efficiency and to prepare the
grid environnent for a possible Sem -Lagrangi an integration
t echni que.

Convecti on

The operational convection schene (Sinplified
Ar akawa- Schubert schene) was conbined with the variabl e cl oud
dept h aspect of the Rel axed Arakawa- Schubert schene. A prelim
inary study indicates inproved tropical noisture distribution in
t he upper troposphere. In addition, there is enhanced precipi-
tation in the western Pacific, where the current schene | acks
precipitation in the region. The inpact of this change to North
America summer precipitation forecast skill and to Atlantic
hurricane forecasts is currently being testing (Pan, Hong and
Moort hi ).

The Rel axed Arakawa- Schubert schenme Version 2 has been
devel oped and is avail able for anyone interested. A NOAA
techni cal report docunenting the details of this version of RAS
has been published (Morthi).

Sur f ace Processes

New or ography gl obal data sets were constructed with a
grid spacing of 1 km These datasets are generalized to the
current d obal Spectral Mdel resolution (t170/1x1 degree) and
tested including effects fromgravity wave drag and ot her surface

processes. |Inplenentation is expected in 2000 (Hong).
1.2 Mesoscal e Forecast Systens Devel opment Activities
1.2.1 Oper ational | nplenentations

May 13, 1999 - The mass-wi nd bal ance in Eta 3D VAR was correct ed.
The Eta 3D VAR anal ysis was changed to correct paraneters

i nfluencing the bal ance between the anal yzed wi nd and nmass
fields. 1In the Novenber 1998 change, these paraneters were

adj usted so that the analysis drew nore closely for radi osonde
data, but this created a weaker bal ance between the mass and w nd
fields. This occurred primarily in regions with nostly single
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| evel or single type data (e.g. satellite tenps, flight |eve
aircraft data, satellite cloud-drift wnds). In addition, the new
3D VAR code now inputs and outputs 2-D files. Wth this change,
all the conversion codes from2-Dto 1-D and 1-Dto 2-D are no

| onger needed.

June 7, 1999 - BUFR breakout files were elevated to production
(PROD) st at us.

June/July 1999 - The script which retrieves the AVN boundary
conditions for the 80 km BACKUP Eta on the J-90 was i nproved.

July 13, 1999 - M nor adjustnents/corrections for wind and

noi sture analysis in the Eta 3D-VAR were inplenented: corrected a
| oop index in the wind super-ob routine, relaxed a too stringent
[imt on the magni tude of high |evel noisture increnents and
corrected the procedure for getting guess noisture below the
guess terrain.

July 26, 1999 - Fixes were made to the HYBNCEP nodule to fix
errors in the noisture fields used in the Rapid Update Cycle
(RUC) boundaries. The primary error was that saturation vapor
pressure was cal cul ated using virtual tenperature rather than
tenperature. The second error was that the saturation vapor
pressure at tenperatures below -15 deg C were calculated with
respect to ice instead of water. The inpact of the fixes to
these errors is to elimnate much of the erroneous precipitation
al ong the RUC boundaries over warm oceans and slightly reduce
sonme of the excessive areal coverage of RUC precipitation over
war m oceans. Also elimnated was the underesti mated boundary

m xing ratios where the tenperature was | ess than -15 *C
Exanpl es of 12 hour RUC precipitation before and after the change
may be viewed at http://maps.fsl.noaa.gov/ruc_bc fix.htm .

Sept 28, 1999. The conversion and inplenentation of the Eta and
RUC-11 codes on the new I BM SP machi ne was conpleted. The effort
i nvol ved consi der abl e debuggi ng and conpari son of test output to
Cray out put.

After the fire, fromO0O UTC 28 Sep to 00 UTC 18 Nov, the 80 km
38 level Eta was run as the operational nodel at 00 UTC and 12
UTC. The version had a 3D VAR analysis but no Eta Data
Assim |l ation System (EDAS). It ran within the standard tine

wi ndow and produced identical output as the G90 run. It was
tinmely, but, of course, |less accurate due to its degraded
resolution. The new I BM SP was not avail abl e for backup because
it was in transit to its new hone in Bowwe, MD. Since 12 UTC 18
Nov t he operational 32-km Eta/ EDAS has been produced on the


http://maps.fsl.noaa.gov/ruc_bc_fix.html

| BM SP.

The RUC2 was al so effected by the fire. Wth |ocal resources
only the old 3-hourly 60 km RUCL could be run on NCEP s J-90.

The plans for catastrophic backup were accelerated. Effective 1
Cct, FSL shipped their hourly 40 km MAPS runs directly to OSO and
served as the RUC2 backup. A summary of the differences between
the FSL MAPS run (the RUC2 backup) and the NCEP RUC2 can be found
at http://maps.fsl.noaa.gov/rucbackup diff.htm .

Enmer gency backup plans with the Air Force Wather Agency (AFWA)
were accel erated. They performed a CONUS run with MVb at 06 UTC
and 18 UTC. It was decided to use the MVb as the backup to
NCEP' s off-tinme runs and use the MVWb as conpl enentary runs to the
Et a- 80 backup runs at 00 UTC and 12 UTC. MVb 36 kmgrids were
shi pped to an OSO wor kstation where a version of Eta’ s Product
Cenerator code produced exact Meso Eta | ook-alike products for

di ssem nation to the NCEP s AWC, SPC and HPC and t hrough the
AWPS SBN to the NW5 field offices.

Novenber 18, 1999 - Hourly RUC2 and 4-per-day Eta were re-
established and el evated to PROD status on the IBM SP in Bow e.
This included runs of the cycled EDAS (using 12 hours of pre-
forecast period observations) prior to the 00 UTC, 06 UTC, 12
UTC, and 18 UTC runs.

The data processing scripts for the I1BMversion of the RUC2 now
contain observation quality-control nodul es: CQCBUFR (for

radi osonde data), CQCVAD (for VAD wi nd profiles from WSR-88D
radars), and PROFCQC (for wind profiler). The progranms ran
routinely for the other NCEP anal ysis runs but they took too |ong
to run on the Cray and still have the RUC2 run within its tinme

Wi ndow.

Decenber 6, 1999 - A RUC2 fix was prepared to correct a code
error resulting in the wong units for canopy water. The fix was
put into operations at NCEP at 1600 UTC.

1.2.2 Et a Model Devel opnent

Four - per-day Eta-32 Runs

The inplenmentation of the uniform4/day Eta-32 on the
IBM SP in md Novenber included the extension of the 0600 and
1800 runs out to 48 hours. The 22-km/ 50-1evel setup has been
del ayed because of a problemw th the nenory size of the current
post processor. At the higher resolution, the single-threaded
version of the code will not fit on the Wnterhawk nodes of the


http://maps.fsl.noaa.gov/rucbackup_diff.html
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| BM and runs too slowy on the Silver nodes. (Rogers, Bl ack)
Therefore, a version was constructed that used the MPlI paradi gm
in that code. (Tuccillo, Black, Rogers)

Scal abl e Eta Mbdel Code

The scal abl e version of the Eta is now conplete. This
version is scalable in that it runs well on any nunber of
processors (1 to the max) and it also runs well on any platform
(Origin, HP, SA@, Linux, etc.). The conversion was conpl eted
prior to the nove of the IBMto Bowi e and 4/day runs were
i npl emrent ed Novenber 15, 1999. (Bl ack, Tuccillo, Abeles)

Kai n-Fritsch Convection

Efforts continue to develop, refine, test and eval uate
i nproved treatnents of sub-grid scale convection ant its
connection to cloud, precipitation and m cro-physical processes
in the Eta Model. NSSL is using a workstation version of the Eta
Model (Baldwin) to make their daily runs of a small domain within
the Eta-32 with the Kain-Fritsch convection schene and ot her
nmodel changes. In general, the Kain-Fritsch schene shows a
slight inprovenent over the operational schene in the cold
season, where the operational nodel is generally better in the
war m season (Bal dwin, Kain, Mtchell, Manikin).

The NCEP Nonhydrostatic Meso Mbdel

The Janjic nonhydrostatic capability has been fully
tested and has reproduced classic results for cold bubble, warm
bubbl e and nonl i near nountain wave cases and has been used in
sigma node to sinulate the Wasatch Mountai n downsl ope wind storm
There are five related papers on line at
http://ww. ent. ncep. noaa. gov/ mb/ papers/index. htmd. The Janjic
nonhydrostatic capability is the final choice for the rel ocatable
nested system Further |arge domain high resolution testing
remai ns to determ ne which vertical coordinate systemw || be
used sigma or the step nmountain eta. The nonhydrostatic nodel
appears to be conputationally robust at all resolutions, and
efficient in NW applications. Wth the current coding, there is
only a 30%increase in required conputer resources. At |ower
resol utions, the nonhydrostatic version of the nodel reproduces
the results obtained using the hydrostatic nodel. (Janjic)

The inmpact of the nonhydrostatic dynam cs appears to be
weak at the horizontal resolutions on the order of 10 km A
vi si bl e i npact was detected on sinul ated heavy orographic
preci pitation maxi ma when using a resolution of 4 kmor |ess.


http://www.emc.ncep.noaa.gov/mmb/papers/index.html
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Al so, the nonhydrostatic deviation of pressure made a nontrivi al
smal| scale contribution to the pressure gradient force in
pl aces. (Janjic, D Mego)

&P

Over the past several years, EMC has joined with N\
hydrol ogists in the Ofice of Hydrology (OH), |and-surface renote
sensing experts in NESDIS, and nunerous GCl P and GEVEX investi -
gators to develop, test, and operationally inplenment a series of
advancenents to the | and-surface and hydrol ogy physics of the
NCEP nesoscal e Eta nodel and its associ ated Eta-based 4D VAR Dat a
Assim | ation System (EDAS). Since NCEP operationally inplenented
conti nuous cycling of soil noisture and tenperature in the
coupl ed EDAS on 03 June 98, no nudgi ng of soil noisture has been
necessary as no strong signals of undue soil noisture drift have
yet energed.

During 1999 the focus was on expanding capabilities to
use CGCl P-sponsored GOES-based satellite retrievals of |and-
surface skin tenperature and traditional shelter observations of
2-mair tenperature and humdity to nonitor drift, which is now
done on a systematic nonthly basis over 13 sub-regions of the
U.S. The continuously cycled soil noisture in the coupl ed
Et a/ EDAS i s obviously sensitive to whatever systematic biases
exi st in the coupl ed EDAS accunul ated precipitation patterns.
(Mtchell, Tarpley) To elimnate such biases, final testing was
conpl eted of the prototype EDAS hourly precipitation assimlation
system which uses the GCl P-supported, realtine, national
hourly, 4-km Stage |V radar/gauge anal yses of precipitation
http://ww. ent. ncep. noaa. gov/ mb/ gcp/ ht m s/ hdpprec. htm . (Lin,
M tchel |, Bal dw n)

| mportant conpani on research and devel opnent was
carried out in conplinentary initiatives in UNCOUPLED | and-
surface nodeling. These included a) physical refinenents in the
areas of frozen soil, snowpack, ground heat flux, canopy and
at nospheric resistance, b) a mgjor new nulti-agency initiative
(wth NWS/ OH, NESDI S/ ORA, NASA/ GSFC, and several universities) in
a U S domain, realtine, hourly, 15-km uncoupled Land Dat a
Assim | ation System (LDAS http://ldas.gsfc.nasa.gov/ ), and c)
public rel ease of a "community"” version of the NCEP | and-surface
nodel, now formally called the "NOAH LSM'. During this past
year, about one dozen external principal investigators have
requested and obtained the comunity NOAH LSM The nul ti-agency
LDAS initiative is summarized in an article in the Novenber 1999
i ssue of the binmonthly GEVWEX Newsletter. (Mtchell, Lin,
Marshal |, Rogers, Ek, Lohmann, WManikin, G unnan)
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Correction of Biases in Convective Schene

In anticipation of an early 2000 inpl enentation and
while efforts were being concentrated on the conversion to the
IBM a parallel systemwas maintained on the Cray that was
testing a set of changes designed to reduce two well known bi ases
in the convection: 1) too little convection over elevated terrain
and 2) too nuch precipitation along the Gulf and Md-Atlantic
coasts. The solution to 1) was to code the several criteria for
convective onset to be in terns of pressure normalized be the
surface pressure. This elinmnated what acted like a ‘terrain
penalty’ in the original coding. The coastal bias was addressed
by unifying the deficit saturation pressure (DSP) profiles
bet ween | and and sea. Long term eval uation had determ ned the
cause to be onshore trajectory air, which after long fetch was in
bal ance with the noi st sea profiles, produced rain when crossing
the coastline and being then conpared to the drier |and profiles.
Sea profiles are now used everywhere. This 80 kmparallel system
was run without interruption until the fire in |ate Septenber
1999. Results can be found (by region) at
http://sqgi 62. wwb. noaa. gov: 8080/ CONV/ and are discussed in the TPB
and CAFTI presentation at:
ftp://ftp. ncep. noaa. gov/ pub/ enc/ wd20er / et at pb/ et a60t pb. ht m
ftp://ftp. ncep. noaa. gov/ pub/ enc/wd20er/etacafti/index. htm
(Mani kin, Cerrity, Baldwi n, Rogers, Mtchell, D Mego)

1.2.3 Eta Data Assim |l ation System

Diabatic Initialization

Retrospective tests of the refined version of hourly
precipitation assimlation (wth further noisture adjustnent
based on Pobs-Pnod) using the new operational 3DVAR and the new
convective package have been conpl eted for both warm season and
cool season. Results show many instances of significant positive
i npact for 0-6h, 6-12h and 0-24h forecast as well as during the
data assimlation period as well. This capability needs to be
incorporated in the new Meso Eta Model code using MPI. See
http://ww. entc. ncep. noaa. gov/ nmb/ papers/|in/ pcpasm paper. ht m
(Lin)

Diabatic Initialization with GOES C oud Top Pressure

D abatic initialization efforts have continued this
year in collaboration with JimJung of NESDI S. GCES cloud top
pressure information is used to elimnate cloud erroneously
forecast in the Meso Eta and to build cloud where it is absent.
A duplicate EDAS systemto NCEP's 80 kmparallel is used to test


http://sgi62.wwb.noaa.gov:8080/CONV/
ftp://ftp.ncep.noaa.gov/pub/emc/wd20er/etatpb/eta60tpb.htm
ftp://ftp.ncep.noaa.gov/pub/emc/wd20er/etacafti/index.htm
http://www.emc.ncep.noaa.gov/mmb/papers/lin/pcpasm/paper.html
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i npact of the procedure. Several aspects of the grid-scale cloud
schenme have been identified that contribute to a | ack of
significant inpact so far fromthe cloud adjustnents. A nodified
cl oud package is next to be tested. (Jung, Zhao, Bl ack, D Mego)

3D-VAR Assinlation of Precipitation Data

The 3D- VAR algorithmfor the Eta nodel has been updated
to assimlate hourly rain gauge and precipitation data. This
al gorithm enpl oys the columm precipitation nodel and correspond-
ing adjoint. Sone data assimlation experinments were perforned,
indicating a positive effect of assimlation of precipitation
data. At present, the algorithmis devel oped for a single node
of the IBM SP conputer. It is also a part of Regional Reanal ysis
Project. (D. Zupanski, Parrish)

Soil npisture assinlation

A data assim |l ation schene is being devel oped (1D VAR
at present, but 4D-VAR in the future) for assimlation of soil
noi sture rel ated vari ables, such as satellite skin tenperature.
The adjoint of the | and-surface package is a necessity for this
approach. (D. Zupanski, G unmann and Mtchell)

4D- VAR Devel opnent

The Eta 4D- VAR systemwas tested in early 1999 on the
Cray C-90. The conversion of the code to the new | BM SP parall el
conput er was conpleted in Novenber. D. Zupanski has been
devel oping the adjoint for the eta nodel and he is applying the
automati c adjoint generator (R Gering s Tangent |inear and
Adj oi nt Model Conpiler (TAMC)). This generator however, does not
deal with the parallel interface routines (MPI calls)for which
adj oi nt code was devel oped. The adjoint of the Eta nodel
dynam cs is now conpleted and being used in real data
assimlation tests. The adjoint of the nodel's physics is being
devel oped and tested. The entire 4D VAR al gorithm has been
parallelized. |In the future the remai ning physics in the adjoint
nodel will be included. Also, a nesoscale version of the 4D VAR
systemw || be devel oped which will be capable of assimlating a
vari ety of data, such as precipitation, Doppler radar w nds,
cloud information etc. In addition, ways to correct the nodel
bias during the forecast tine will be exam ned. (D. Zupanski, M
Zupanski, Parrish, Rogers and D Mego)

Reqi onal Reanal ysi s

This effort is funded by NOAA/ OGP and is preparing a
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system capabl e of perform ng a 22-25 year reanalysis for North
Anmerica. The regional reanalysis (RR) scripts were run for one
month (July 1998) as a pilot project on one of the Cray J-90s. A
one nonth pilot containing precipitation assimlation (procedure
devised by Ying Lin) was also run. Pilot results showed

i nprovenent in precipitation with little effect on state
variables. This was simlar to results of Lin's precipitation
assimlation tests. The systemwas noved to an S@ Oigin 2000
and the Message Passing Interface (MPl) version of codes were
tested for the control system There is an RR web site under
construction. See http://sqgi62. whb. noaa. gov: 8080/ RREANL for the
first ten days of the July 1998 pilot runs. Al so see

ftp://ftp. ncep. noaa. gov/ pub/ enc/ wd20er/regreanl /sl dO01. ht m f or
recent status. The following data is being gathered and
formatted for use in future RR runs:

TOVS 1-b radi ance data

Hourly precipitation data

Conpr ehensi ve Ccean and At nosphere Data Set ( COADS)
SSM| satellite data for ocean surface w nd speed and
preci pitabl e water

. Air Force snow depth

. Air Force RTNEPH cl oud data

(Kal nay, Mesinger, Shafran, Lin, D. Zupanski, Parrish, Rogers,
Di Mego)

1.2. 4 Et a- 10 Support for Western United States

No runs were acconplished during 1999, but see section
4. to see plans for the Salt Lake Gty A ynpics Plan.

1.2.5 Saudi Eta

A special run of the Eta nodel centered over Saudi
Arabi a has been set up to support Saudi forecaster training
within NCEP. It was run once daily at 0000 UTC in an 80 km 38
| evel configuration between May 1998 and Cctober 1999, and nore
recently has been run twice daily with 48 kmgrid spacing and 45
vertical levels. The nodel code is identical to the operational
Meso Eta run for North Anerica, although the Eta Data
Assim lation System (EDAS) in the Saudi Eta assinm|ates data |ess
frequently (6 hourly versus 3 hourly) due to the conparatively
smal | volune of data avail able over the region. The Saudi EDAS
uses a gl obal nodel first guess for atnospheric fields, while a
forecast fromthe previous EDAS cycle initializes soi
tenperature and noisture (“partial cycling” in EMC term nol ogy).


http://sgi62.wwb.noaa.gov:8080/RREANL
ftp://ftp.ncep.noaa.gov/pub/emc/wd20er/regreanl/sld001.htm
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1.2.6 O her Activities

Exportabl e Workstation Version of Eta Mdel

An easily reconfigured, nulti-platformversion of the
Eta Model was made available in May 1999. This systemallows the
user to run the Eta at their own site assum ng they have access
to a UNI X/ LI NUX workstation and the ability to download real -tinme
data from NCEP nodel s. The package was designed to be a
sel f-contai ned nodeling system It includes the Eta nodel,
scripts and codes to obtain data from operati onal NCEP nodel s and
interpolate themto the user domain for initial and boundary
conditions. It also includes codes to post-process the user's
nodel output into GRIB format. This version was designed with
flexibility in mnd; changes to nodel |ocation, resolution, and
domain size are readily made. This flexibility allows the user
to address a nodel i ng probl em appropriate for their avail able
conputing power, and nmakes the Eta nodel a nore viable tool for
the research community. Rozumal ski of COVET has built upon this
capability and has released a version for the NW6 SOO s. More
i nformation can be found at
http://sqgi 62. wab. noaa. gov: 8080/ wkstn_etal/ or
ftp://ftp. ncep. noaa. gov/ pub/enc/wkstn_eta/. (Pyle, Baldw n,
Snook, Rozunal ski, Rogers).

NAOCS (North Anerican Observati on System

NACS seeks to determ ne whether renoval of radi osondes
scattered throughout the US (where nearby airports had frequent
ACARS ascent & descent reports) had any effect on the forecast,
and whet her the function of the radi osondes coul d be picked up by
the aircraft (Lord, Shafran, Tracton, Zhu). Verification of 3
Eta runs done in 1998 were conpleted. The three runs were the
control run, a run renoving 14 radi osondes, and a run renoving 14
radi osondes plus surrounding aircraft. The results suggested
that the renoval of radi osondes changed the analysis slightly,
but a | ook at the root-nmean-square (RM5) errors show that the
i npact through the 48 hour forecast was mninmal. Previously,
experinments were run on the MRF by Yuejian Zhu, and FSL ran
experinments with the RUC. Results can be found at
http://sqgi 62. wwb. noaa. gov: 8080/ NAQS/

Pi cket Fence

Picket Fence is a data assim /|l ation experinent where a
series of additional radi osondes were installed along the US West
Coast, creating a "Picket Fence" of observation sites. These
several sites, in addition to the standard NW5 radi osondes al ong


http://sgi62.wwb.noaa.gov:8080/wrkstn_eta/
ftp://ftp.ncep.noaa.gov/pub/emc/wrkstn_eta/
http://sgi62.wwb.noaa.gov:8080/NAOS/
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t he West Coast, took observations every 3 hours instead of 12.
The reason for this is to see if the forecast in the interior of
the US can be inproved by better spatial and tenporal resolution
of observations catching systens comng in fromthe data-poor
Pacific regions. Al four 1OPs were conpleted in early 1999
(after several false starts due to changing 3DVAR). The Air
Force snow depth was used instead of reanal ysis snow dept h.
Overall, only one of the IOPs showed any positive inpact. It
shoul d be noted that observations for nbst part were not in an
area of strong dynamcs. Results were shown at the USWRP

wor kshop in Boulder in Spring 2000 and a paper is in the process
of being witten. Results for 10P3 and 10P4 as well as sunmary
verification statistics for all four 1OP s can be seen at
http://sqgi 62. wwb. noaa. gov: 8080/ PEFENCE/. (Shafran, Hirschberg,

El sberry, Ritchey, D Mego)

VERGE

At the request of the FAA and the Air Transport
Associ ation, NCEP has devel oped the ability to create a set of
WAFS grids for North Anerica which conbines the RUC, Eta and AVN
grids. Now designated MERGE (short for Merge of Eta RUC and
d obal -AVN by EMC). This product is produced every 3 hours or 8
times per day since January 2000 and is nade available for ftp
downl oad fromthe OSO server. For nore information see
ftp://ftp. ncep. noaa. gov/ pub/ enc/ wd23bk/ waf s/ wafs. htm . (Kistler)

1.2.7 Short-range Ensenbl e Forecasting (SREF)

To be consistent with resolution of regional nodels, a
regi onal - nodel - based "regi onal breeding" scheme was tested and
i npl emented to generate initial perturbations for SREF. This
repl aced the old schenme which is a hybrid breeding cycle
generated by conbining both the regional and gl obal nobdels. The
SREF system has been converted fromCray to IBM SP and tested
successfully on IBM SP. For nore information, please see:
http://1 nx48. wwb. noaa. gov/ SREF/ SREF. ht ml . (Tract on)

1.2.8 Rapi d Update Cycle

The lion’s share of activity this year was to
acconplish the code conversion and the data ingest changes
necessary to inplenent a tinely RUC on the IBM SP. FSL runs of
their MAPS system were used for backup during the fire. Check
out their site at http://maps.fsl.noaa.gov (MniKkin)

1.3 i mat e Model


http://sgi62.wwb.noaa.gov:8080/PFENCE/
ftp://ftp.ncep.noaa.gov/pub/emc/wd23bk/wafs/wafs.html
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Devel opnent of NCEP d i nate AGCM

A maj or ongoi ng effort during 1999 is the devel opnent
of a new global climte atnospheric nodel. This nodel is
expected to replace the current Cray version of the NCEP climate
nodel for seasonal clinmate prediction. This is notivated by
progress in inproving physical paraneterizations in atnospheric
GCMs during the past 5 years and by the fast evol ving conputing
technol ogy. The new climte nodel is portable, scal able and pl ug
conpatible. Thus, it will facilitate collaborative research and
devel opment activities with the research comunity toward
accel erated devel opnent and i nprovenent of operational clinate
forecast system at NCEP

Significant progress has been made during 1999.
Presently, nore than twelve 50-year AM P type sinulations at
T42L28 resolution on SA/Oigi n2000 and | BM SP conput ers have
been conpleted. The test shows that this nodel has near |inear
scalability froma small nunber of processor elenents (PEs) (4-8)
up to 512 PEs at T126 and T170 spectral resolutions.

| nproving Estimates of Salinity Variations on Seasonal to
| nt erannual Ti nescal e

The ocean data assimlation system at NCEP provides
initial conditions for the ocean conmponent of the coupl ed ocean-
at nosphere nodel that is used for seasonal to interannua
forecasts. In the |last year, the system has been extended to
correct salinity as well as tenperature through the assim |l ation
of in situ tenperature data and satellite altinmeter data
(Vossepoel and Behringer, 1999). The present scarcity of
subsurface salinity data neans that the salinity corrections nust
be deduced fromother data. This is acconplished statistically
through a set of joint enpirical orthogonal functions (EOFs) that
tie salinity fluctuations to variations in tenperature and sea
surface height (Maes, et al., 1999). Recent experinents,
conparing the new systemwi th the old, show that the corrected
salinity variability can alter the sea surface height difference
across the equatorial Pacific by as nuch as 10 cm  Correspondi ng
changes in the strength of the equatorial undercurrent are as
| arge as 25 cni sec.

1.4 Ccean Forecast Systens Devel opnent Activities
1.4.1 Mari ne Met eor ol ogy

A conpl etely new neural network al gorithm (OVBNN3) has
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been devel oped for processing the SSM I brightness tenperatures
to derive geophysical paraneters over the oceans. This algorithm
provi des sinultaneous retrievals of the ocean surface w nd
speed and col umar water vapor and liquid water. The w nd speed
retrievals produced by the OVMBNN3 are found to be far superior

t han those obtained from other available al gorithnms under al

weat her conditions and wi nd speed ranges. Assimlation
experinments using only the wind speed retrievals from OVBNN3
showed that these winds provided better anal yses than the use of
the current SSM operational algorithm Based on that result,
routine assimlation of OVMBNN3 based wi nd speed data was

i npl emented into the gl obal atnospheric nodel since |ast year.
The ocean surface wi nd sped, columar water vapor and |iquid
water fields derived from OVMBNN3 are now avail able on the OVB
home page for the Northeast Pacific and the Northwest Atlantic
ocean every six hours, along with the ERS2 scatteroneter w nd
data reprocessed by NCEP, ocean ship and buoy data, and the ocean
surface pressure analysis fromthe GDAS. (Yu, Gemm ||

Kr asnopol ski)

The Eta nodel is a limted area nodel which was
desi gned for inproving nesoscale forecasts of the continental
United States, so that its domain over adjacent ocean is
somewhat Iimted. Since SSM1 w nd speed data are avail able only
over the ocean, it is inportant to determ ne how nuch i npact
t hese data have on the Eta forecasts. Assim |l ation experinents
wi th the EDAS using high resolution (25km) SSM retrievals from
t he OMBNN3 have been conducted and the prelimnary indications
are that these data have a better inpact on the nodel perfornmance
than the current operational retrievals provided by the Shared
Processi ng arrangenent. (Yu)

Several NSCAT studies were nade this year, to detern ne
t he i nmpact between the fast delivery data and the science data.
Al t hough, there were differences in both wind speed and direction
between the two data sets, the inpact of the data on anal yses and
forecasts were alnost identical. There was a small positive
i npact in the southern hem sphere and al nost none in the northern
hem sphere. (Peters)

1.4.2 Ccean Wave For ecast ©Model s

Efforts had been underway during the |last few years to
repl ace the operational WAM nodel with a new third generation
nodel with inproved numerics and physics. The new nodel,

NCAA/ NWAB, contains a nore accurate finite difference schene for
wave propagation, a new fornulation of wave generation devel oped
by Chali kov and Bel evitch, and a new fornul ati on of wave
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di ssi pation by Tolman & Chalikov. The wi nds used to drive the
nodel are obtained fromthe NCEP s AVN forecast nodel. d oba
wave forecasts produced by the new nodel using a 1.0 x 1.25
degree | atitude/longitude grid have been tested against the
operational WAM  Eval uations, using buoy and altineter data,
have shown that the NWAB nodel forecasts better swell both in
md-latitudes and in the tropics resulting in inproved forecasts
of the magnitude and tim ng of peak wave events. The nodel has
now been approved for inplenentation on NCEP s new | BM nachi ne
Particular attention has been given to nodularity and portability
aspects in devel oping the nodel code. It has been running as an
i nternal operational nodel and the nodel code and its daily

out put fields have been nmade avail able on the branch’s web page
during the |l ast year.

Two new regi onal wave forecast nodels based on the NWAB
nodel have al so been devel oped for the Western Atlantic region
whi ch includes approximtely the western half of the Atlantic and
the Gulf of Mexico and for the Al askan regi on which includes the
@ul f of Alaska and the Bering Sea. These regional nodels use a
grid resolution of 0.25 degrees in latitude and |ongitude. Wve
condi tions on the open boundaries of this nodel are provided by
t he gl obal NWAB nodel

1.4.3 Coastal COcean Forecast System (COFS)

The Princeton Ocean Model is currently being used to
devel op COFS for operational use. The nodel domain extends from
27N to 48N, and fromthe east coast out to 50W The system
predicts the three dinmensional fields of tenperatures, salinities
and currents as well as the surface water levels. The nodel is
coupled to NCEP's high-resolution Eta atnospheric forecast nodel
whi ch provides surface fluxes of heat, noisture, and nmonentumto
t he ocean nodel to produce nowcast and 24-hour forecast ocean
fields. dimtological data for tenperature, salinity, and
vol une transport provide forcing along the maj or southern and
eastern open boundaries. Data assim |l ation using satellite
retrievals of SST and in situ data from buoys follow ng the
techni que of Derber and Rosati (1989, JPO 1333-447) was
i npl enented | ast year along with a procedure to project the SST
changes into the oceanic interior using a constraint introduced
by Chali kov and Peters (1997). Systematic validations conducted
during the past year show that the forecasts of SST are
significantly inproved with the inclusion of this data
assim |l ation.

NCEP participated in a Coastal Marine Denonstration
Project (CMDP), supported by the National Ccean Partnership
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Program along with several participants from ot her NOAA

el ements, universities, and private sector. The purpose of the
denonstration is to study the feasibility of producing high

resol ution marine neteorol ogi cal and oceanographi ¢ anal ysis and
forecast products that would be useful to the maritine community.
In order to conduct this denonstration, the area of the Wstern
Atl antic Ocean between 32 to 42 N latitude and off the coast to
70 W1 ongitude including the Chesapeake Bay has been chosen and a
sel ected group of users were chosen to receive the forecast and
anal ysis products for evaluation. As a result of the Coastal

Mari ne Denonstration Project, a new assim |l ation package from
Princeton for assimlating altineter data from TOPEX was

i npl enented and has shown positive inpact in specific cases where
sone of the Gulf Stream features were recovered. NCEP provided
sea surface tenperature, surface salinity, and surface currents
from COFS along with surface w nds, waves, and visibility over

t he chosen domain for the denonstration. The first denonstration
took place in June-July, 1999 and a second one is schedul ed for
February-March, 2000. The results of the first denonstration are
bei ng eval uat ed.

In view of the |ack of useful information from
climatol ogy on the | ateral open boundaries on the required space
and tinme scales for the COFS effort, devel opnent of a basin scale
ocean nodel is continuing. This will enable us to provide the
necessary boundary conditions for any limted area domain off the
coastal areas of the US in a nmanner analogous to |linmted area
nuneri cal weat her prediction nodels.

1.4.4 Sea I ce Analysis and Forecasts

The Sea Ice Drift forecast nodel was extended to 16
days, after the Anchorage forecast office reported that the
gui dance is useful even at that range. This gui dance enabl es them
to provide forecasts over a |l onger period.

Two sea ice concentration fields based on satellite-
only analysis are nmade avail abl e operationally to the users - one
on a 25.4 km and the other on a 0.5 degree resolution grids.

This information is al so made avail able on the GIS for use
internationally. The sea ice fields on 25.4 kmresolution are
typically used by the sea ice analysts at NIC, Anchorage forecast
office, etc. The product on 0.5 degree |l atitude-longitude grid
is being used by NWP centers. Even in the 25.4 kmresol ution
product, the near shore coastal zone and inland | akes are not
resol ved due to the | ow resolution channels used in the anal yses.
Wrk initiated this year suggests that 12.7 km anal ysis, based on
the SSM | 85Ghz channel, should be practical and data for
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pursuing this study are now being captured. A prelimnary

eval uation shows that the ice concentrations near the Al eutians
| sl and chain and in large North Anmerican | akes appear to be nore
accurately resolved in the 12.7 km anal yses.

Sea ice climtol ogy has | ong been a question for both nodel
verification and for field operation guidance. The question

ari ses because, although there are many sources for ice cover for
a given day or nonth, there is currently no reliable information
avai l abl e on climatol ogical 'normals' by days or nonths. A first
cut sea ice climtology was assenbled in FY 1999 fromthe 90 year
Arctic and 18 year Antarctic history from Chapman and Wal sh
(1992). This first cut illustrated sone interesting features,

i ncluding the inportance of defining 'climtol ogy' for sea ice,
which will be pursued in FY 2000. O particular interest is the
possibility of long range statistical prediction of the ice
cover.
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2. RESEARCH AND DEVELOPMENT RESULTS FOR APPLI CATI ON OF NWP
PRODUCTS
2.1 Ceneral Devel opnent Techni ques

The Techni ques Devel opnent Laboratory (TDL) conducts
applied research in techniques for inproving weather forecasting
and product generation (A ahn). bjective nethods of predicting
basi ¢ weat her el ements needed in public and avi ation forecasts
are devel oped by statistical interpretation of nunerical weather
predi ction nodel output. The statistical guidance is designed to
initialize a digital database at the | ocal NWS forecast office.
Once the digital database is established, the | ocal forecaster
can use interactive conmputer techniques to prepare various
forecast products. Techniques applicable to the prediction of
storm surge caused by tropical or extratropical cyclones are also
devel oped t hrough the use of dynam cal storm surge forecast
nodels. Finally, nethods of objectively predicting nesoscal e
convective weat her events at very short-range projections are
devel oped by analyzing and interpreting renote sensor observa-
tions such as WBR-88D radar reports, satellite observations,
profiler winds, or lightning detection reports.

2.1.1 bj ective Weat her Prediction

Short - Range Wat her For ecasti ng

MOS- 2000 is a new system of data fornmats and software
designed to produce interpretive statistical guidance in a nore
efficient manner fromthe |atest versions of NCEP nodel s
(Dallavalle). W are using this systemto develop a conplete
package of MOS gui dance fromthe Aviation (AVN) run of NCEP' s
A obal Spectral Mddel. 1In the first phase of the new AVN based
MOS system we will generate guidance for over 1000 sites in the
contiguous U. S., Alaska, Hawaii, and Puerto Rico. A conplete
package of guidance will be devel oped for the 0000 and 1200 UTC
initial times of the AVN, a partial package will be devel oped for
the 0600 and 1800 UTC initial tines. W have conpleted
devel opnment of warm (April - Septenber) and cool (Cctober -

Mar ch) season MOS wind forecast equations for all four forecast
cycles. These regression equations will be used to predict the
10-m wi nd speed and direction valid every 3 hours from6 to 72
hours after initial nodel time. MOS equations to predict the
maxi mun m ni mum (max/ mn) tenperature, 2-mtenperature, and 2-m
dew point for projections out to 72 hours after both 0000 and
1200 UTC have al so been devel oped for the cool season. 1In tests
on i ndependent data, we found that the accuracy of the new AVN
MOS wi nd and tenperature gui dance was generally equal to or
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greater than the accuracy of the operational MOS gui dance based
on the Nested Gid Mbddel (NGVM. W are now devel opi ng and
testing equations to predict the probability of categories of
precipitation anmount, precipitation type, ceiling height, total
sky cover, thunderstorns, severe weather, visibility, and
obstruction to vision.

Medi um Range Weat her For ecasti ng

Devel opment of updated MOS gui dance based on NCEP' s
Medi um Range Forecast (MRF) nodel for projections out to 8 days
i n advance continued (Erickson). A proposal for an updated suite
of MRF MOS gui dance was devel oped. For the first tine, forecasts
of 2-mtenperature, 2-m dew point, precipitation amunt, and
t hunderstornms will be provided in the mediumrange. O her
predi ct ed weat her el enments such as wi nd speed and sky cover are
bei ng redefined to better serve the forecast community. The new
gui dance wi Il be avail able for over 1000 stations, a significant
increase fromthe current 255 stations. Equations to predict
max/ mn tenperature during the warm season were devel oped. The
cool season tenperature devel opnment is al so nearing conpletion.
Experimental equations to predict the probability of
precipitation occurrence and anmount were devel oped, and test
forecasts made on i ndependent data were verified for both the
warm and cool seasons. All tests indicate that the new system
wi |l provide skillful guidance. Plans to provide max/mn
tenperature, 2-mtenperature, and 2-m dew point forecasts to
support the NWS 3-10 day threat assessnent product were al so
est abl i shed.

Severe Weat her Prediction

We continued our effort to devel op new MOS t hunder st orm
and severe |l ocal stormprobability forecast equations for
projections out to 60 hours fromthe Eta nodel and out to 72
hours fromthe AVN run of the d obal Spectral Mdel (Reap
Hughes). Lightning data and severe thunderstormreports were
obt ai ned and packed into the MOS-2000 format for use as
predi ctands. Mnthly relative frequencies of thunderstorns and
severe weat her have been calculated from5 years of data.
Software was nodified to prepare data, to conmpute additiona
predictors, and to incorporate recent inprovenents in the quality
of the observed cloud-to-ground |ightning data. A new version of
TDL's three-di mensional trajectory nodel based on wind forecasts
fromthe Eta nodel was al so devel oped and test ed.
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2.1.2 Local Techni ques Devel opnent

Mul ti-sensor algorithnms for 0-3 h QPF and cl oud-t o-
ground lightning forecasts have been devel oped and i npl enent ed
in an experinmental node with output avail able on the TDL Hone
Page (Kitzmller). The QPF algorithm produces the probability of
heavy rainfall and a forecast of the maxi mumrainfall anount
Wi thin square regions 40 kmon a side. Devel opnent of an
enhanced national -scale 10-kmradar reflectivity analysis was
conpleted. This nosaic wll be utilized in AWPS applications
and as basic information to field forecasters.

Thunderstorm l dentification and Forecasting

Version 2.0 of the System for Convection Anal ysis and
Nowcasting or SCAN was prepared for AWPS Build 5 (Smth). The
maj or new functionality introduced was that of the National
Severe Storns Laboratory’ s Warni ng Decision Support System
Sof tware al pha-testing of SCAN 2.0 was initiated at the NW5
forecast office in Little Rock, Arkansas. Wrk began with
menbers of the Ofice of Hydrology on providing automated fl ash
flood nonitoring and prediction functionality in SCAN

Local AW PS MOS Program ( LAMP)

The LAMP system was prepared for AWPS Build 5. This
i ncluded integration of the LAMP QPF sub-system and preparation
of a version to be run at the NCEP centers (CGhirardelli). The
LAMP system was al so enhanced by adding variable analysis grid
resolution and better quality control of input METAR
observati ons.

Heavy Precipitation Forecasting

A statistically-based nodel that produces |ocal updates
of the centrally-generated QPF' s for the contiguous U S. has been
runni ng experinentally for the past two years (Charba). The LAMP
QPF nodel produces probability forecasts of various categories of
precipitation amount on a 20-kmgrid for 1-, 3-, and 6-h periods
out to 22 hours in advance. Based on the probabilities, the
nodel al so produces best category and expected precipitation
forecasts. The real-time QPF products are being nmade avail abl e
to WWO s for evaluation. During the past year, the robustness of
t he experinental systemwas inproved, the nodel forecasts were
added to the TDL Hone Page, and the system was prepared for AW PS
i npl enent ati on.
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2.1.3 Mari ne Environnental Prediction

Hurri cane Storm Surge Forecasting

The dynami c hurricane (tropical cyclone) storm surge
nodel (SLOSH) has been applied to the United States' @ulf of
Mexico and Atlantic coastlines; the Virgin Islands; and the
i sl ands of QGahu, Hawaii; Guam and Puerto Rico (Shaffer). The
nodel considers inland routing of sea water, overtopping of
barriers, flow of water through gaps between barriers, flow
t hrough rivers, and channels. A hurricane wnd nodel is enbedded
within the SLOSH nodel. SLOSH terrain for updated U S. basins is
now obtained fromthe USGS s 30 neter by 30 neter digital eleva-
tion nodel. The terrain data are processed by using a CGeographic
I nformation System (@ S); output is checked by using raster-
scanned quadrangl e maps. Levees, coastal roadways, and sub-grid
scale ridges act in the nodel as barriers to surge fl ow
El evations for these features are extracted from diverse sources
and incorporated manually into the nodel’s database. Conpleted
basins are turned over to NCEP's Tropical Prediction Center for
operational forecasting and for simulation studies to use in
hurri cane evacuati on pl anni ng.

Anal yzed hurricane wind fields produced by NOAA s
Hurri cane Research Division (HRD) have been tested in place of
the SLOSH paranmetric wind field. These analyzed wind fields are
bei ng produced experinentally on a 3-h schedule as a hurricane
approaches U.S. landfall. The HRD techni que bl ends hurricane
w nds neasured fromvarious platforns (aircraft, buoy, ship,
surface, etc.) and with differing averaging tinmes, collected over
an extended tine period, to produce a consistent surface w nd
field. For Hurricane Floyd, we found little difference between
SLOSH surges produced by anal yzed wi nds and those produced by the
standard SLOSH paranetric wi nd nodel when the best definitions of
the hurricane’s track, size, and intensity were used.

Extratropi cal Storm Surge Forecasting

The SLOSH nodel was adapted to predict storm surges
generated by extratropical stornms (Chen). Unlike SLOSH which has
an enbedded wi nd nodel, the extratropical storm surge nodel is
driven by wind and pressure forecasts fromthe AVN nodel. Mbst
of the extratropical storm surge nodel's physics remain the sanme
as that of SLOSH, but overland flooding is not considered. The
nmodel is nowrun twice daily for the U S.’s East Coast, the Gl f
of Mexico coast, the Northwest Coast, Norton Sound in Al aska, and
the Arctic Ccean coastline of Alaska. Forecasts are being
archi ved and eval uat ed.
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Coastal Wave Forecasting

Two paranetric hurricane wave nodel s were devel oped for
predi cting the maxi num waves generated by hurricanes (Wi). Using
the existing SLOSH wi nd nodel, an ocean wave nobdel can extend the
hurricane wave field to a two-di nensional horizontal plane. To
eval uate the wave inpact at the coastline, a random breaki ng-wave
nodel cal cul ates the breaking waves and their associated set-up
and run-up for a plane beach. An integrated coastal wave system
whi ch includes hurricane wave prediction and coastal wave
transformations will conplenment the storm surge forecasts at
coastal sites.

2.1.4 Local Products Devel opnment

Pr oduct Generation

TDL devel opers continued to support forecasters at the
NWE Weat her Forecast O fice (WFO in Norman, Cklahoma as they
used the al pha version of the Interactive Forecast Preparation
System (Ruth). Applications in the Interactive Forecast Prepara-
tion System (I FPS) were enhanced to support forecasts to
projections of seven days and to allow the forecasters to easily
custom ze IFPS. Site-defined "w ldcard" elenments (e.g., snhow on
grassy areas) are now supported in gridded, matrix, and worded
forecasts. The al pha version is being deployed to two additional
forecast offices, including a marine site, for testing prior to
national training and depl oynent of |FPS next year.
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3. ANALYSI S- FORECAST SYSTEMS | N OPERATI ONAL USE DURI NG
1999
3.1 The Eta Mdel Runs

The Eta Mbdel is nanmed for the Geek letter used as the
synbol for its vertical coordinate. This eta coordinate systemis
a sinple variation of the commonly used signma coordi nate system
Bot h coordi nate systens are normalized and pressure-based: the
eta is normalized with respect to the nean sea-|evel pressure
whereas signma is nornmalized with respect to surface pressure.
Signa surfaces are terrain followi ng and can be quite sl oped,
whereas eta coordinate surfaces are nearly horizontal everywhere,
whi ch can produce a significant nunerical benefit when conputing
the pressure-gradient force near steeply sloping terrain. The
Eta Model al so uses a silhouette step orography which mmcs well
the barrier effects of nountains on the air flow

Al Meso Eta Model runs use the same 32 kmresol ution
version of the nodel with 45 levels in the vertical with the
first layer over the ocean being 20 neters deep and none of the
upper layers thicker than about 24 nb. The top of the nodel is
at 25 nmb. Al runs are nade over a |l arge domain covering the
entire North Anerican continent. Lateral boundary conditions
come fromthe AVN runs which are normally only 6 hours ol d.

Initial conditions for all four Meso Eta runs cones
fromthe Eta Data Assimlation System (EDAS). This system al so
runs at 32 kmresolution and cycles on itself using short 3-hour
forecasts fromthe previous cycle as the first-guess for each
anal ysis update. The analysis update is perfornmed in the Eta
coordinate and is based on a 3-dinensional variational (3D VAR
schene which uses all avail able data sources: radi osondes,
pi bal s, dropsondes, profilers, VAD wind profiles fromthe WSR-88D
net wor k, ACARS wi nd and tenperature data, all conventional &
automated (ASCS) surface land & marine (drifting & noored buoys)
reports, data frompolar orbiting satellites (from DVMSP: SSM |
ocean wi nd speeds and total precipitable water and from TOVS:
oceani c thickness retrievals) and data from geostationary
satellites (cloud drift wi nds and precipitable water retrieval s).
No initialization of the analysis fields is performed since the
3D VAR produces nass and wind fields which are bal anced.

At the initial tinme and every 3 hours of the forecast,
i sobaric height, wind, and tenperature fields every 25 hPa, and
at each of the aviation-w nds-al oft altitudes are generated on
standard output grids (80 km 40 km & 20 km AWPS grids and the
NGM C-grid). Relative humdity, vertical velocity and cloud
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fields, freezing |l evels (upper and lower), lifted indices, CAPE
CINH and helicity as well as tropopause and max w nd | evel
information are al so generated. Precipitation is accumul ated
every 3, 6 and 12 hours throughout the forecast and are found to
verify better than other NCEP nodel forecasts. Hourly w nd,
tenperature and noi sture soundi ngs are provided at nearly 1200
hundred | ocations in the domain and are encoded into BUFR Al so
included with the hourly soundings are the nodel cloud fields,
helicity, CAPE, CINH, runoff, and precipitation type. To support
the Interactive Forecast Preparation System (I FPS), fields of nax
and mn surface tenperature (2 m, surface (10 n) w nd speed and
direction, surface (2 m tenperature and dew point, total cloud,
accurnul ated precipitation & snow, and probability of thunder,
frozen & freezing precipitation are generated on 20 km and 40 km
AW PS gri ds.

3.1.1 The On-tinme Meso Eta Runs (ERL)

The on-tinme (so called “early” or ERL) runs of the 32
km/ 45 level Meso Eta provide 48 hour regional forecasts over
North Anmerica to the National Wather Service and the neteoro-
| ogi cal community at |arge as soon as possible after the 0000 and
1200 UTC synoptic times. The data cutoff time for the ERL runs
is roughly 70 mnutes. During the post-fire period, these runs
were made at 80 km/ 38 |level resolution on a snmaller Cray J-916
but this produced ERL gui dance on schedule. These runs were
nmoved fromthat Cray CG-90 to the new | BM SP conputer in Novenber
1999 and returned to full 32 km/ 45 | evel resolution.

3.1.2 The O f-tine Meso Eta Runs (MSO)

The off-time runs of the 32 km/ 45 level Meso Eta were
originally referred to as the Mesoscale or MSO run. They al so
provi de regional forecasts over North Anerica to the National
Weat her Service and the neteorol ogi cal conmunity at |arge as soon
as possible after 0600 and 1800 UTC. The data cutoff tinme for
the MSO runs is roughly 35 mnutes. Since Novenber 1999,
forecasts out to 48 hours are now nmade from both 0600 and 1800
UTC runs. Prior to their inplenentation on the new IBMin
Novenber 1999, the 0600 UTC run was actually a 0300 UTC run which
ran to 33 hours and the 1800 UTC run was made out to only 30
hours. During the post-fire period, these runs could not be nade
by NCEP and repl acenent fields for CONUS were generated on
schedul e from 36 kmruns of MVvb nmade by and kindly provided by
AFVA.
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3.2 The Regi onal (RA) Run

The RG. run produces forecasts to 48 hours for North
America, using the Regional Analysis and Forecast System (RAFS),
and a data cutoff time of H+2:00. The RGL run has been “frozen”
since 1991.

The RG initial conditions are produced by the Regi onal
Data Assim |l ation System (RDAS), which uses a Regional Optinmum
I nterpolation (RO) analysis system and starts with a first
guess based on a 6 hour forecast fromthe earlier GDAS run.
Sequences of anal yses and short range forecasts fromthe Nested
Gid Mbdel (NGW are produced every 3 hours during the 12 hour
pre-forecast period. The analysis grid has a resol ution of
approximately 85 kmover North Anerica and 170 km el sewhere. The
anal yses are perforned on the sane 16 sigma |ayers as used in the
NGM Forecasts during this assimlation period are made using
“one-way” boundary conditions extracted fromthe final (FNL)
gl obal anal yses and short range forecasts and are perforned only
on the innernost “C-grid”. For the last, “on-tinme” analysis, the
RDAS C-grid guess is nmerged with the correspondi ng FNL-run guess
to provide full hem spheric fields. After this analysis is
conpl eted, the analysis increments are initialized, bringing the
mass and notion fields into approxi mate bal ance.

The NGM forecasts on 16 sigma |ayers and a 2-grid
nested systemout to 48 hours. The forecast grids have
approxi mate resolutions of 170, and 85 kmat 45°N and are
referred to as the “B’, and “C’ grid respectively. The denser
grid covers all of North America and extends beyond the pole to
cover much of northern Europe and Asia, while the coarse grid is
hem spheric. The initial snow cover field cones froman analysis
updated daily. Gidded field output is generated for pressure
| evel s every 50 hPa at six hourly intervals on the NGM C-grid and
hourly BUFR soundi ngs are generated at selected sites as well.
During the post-fire period, this system (sans RDAS) was run on a
Cray J-916 - consequently, product availability was del ayed by
roughly an hour. A version of this systemusing Meso Eta 3D VAR
anal yses over North Anerica and AVN fields el sewhere is being
prepared for inplenentation on the IBM For details see:
ftp://ftp. ncep. noaa. gov/ pub/ enc/ wd20er/ ngnctafti/index. ht m or
ftp://ftp. ncep. noaa. gov/ pub/ enc/ wd20er / ngnt pb/ ngnt pb. ht m .

Statistical guidance based on the MOS technique is
produced twice daily fromthe NGM Forecasts are dissemnated in
al phanunmeric formfor approximately 600 civilian stations and 160
mlitary bases in the contiguous United States and Al aska.

Qui dance is available for max/ m n tenperature; tenperature and


ftp://ftp.ncep.noaa.gov/pub/emc/wd20er/ngmcafti/index.htm
ftp://ftp.ncep.noaa.gov/pub/emc/wd20er/ngmtpb/ngmtpb.html
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dew point at the 2-mshelter height; surface wind direction and
speed; probability of thunderstornms and severe thunderstorns
(contiguous U S. only); probability of precipitation (PoP)

condi tional probability of freezing precipitation and snow, and
categorical forecasts of precipitation type, opaque cloud cover,
snow anmount, quantitative precipitation, ceiling height, visibil-
ity, and obstruction to vision. This package of statistical
forecasts is used in the conparison to official forecasts

eval uated in the national verification program (see Part VI,
5.2); nost of the forecasts are al so made avail able in gridded
formto Fam |y of Services and NW6 AW PS users. |n addition, MOS
sol ar energy and sunshine forecasts for the contiguous U S. are
di ssem nated in graphical form MOS forecasts of thunderstorns
for Alaska and Florida are issued in gridded form and forecasts
fromthe NGWbased trajectory nodel are issued in both

al phanuneri c and graphical products. MOS forecasts of non-
convective clear-air turbulence and icing are issued in graphical
form Quidance for the marine environnment includes w nd
forecasts for areas along the Geat Lakes; wind forecasts for
coastal areas along the Atlantic Ccean, Pacific Ocean, and the
Qul f of Mexico; extratropical stormsurge and beach erosion
forecasts for the east coast of the U S.; and storm surge fore-
casts for the Geat Lakes.

3.3 The Rapid Update Cycle (RUC) Run

The new version of the RUC designhated as RUC2 provi des
hi gh-frequency, short-termforecasts for donmestic aviation
pur poses on a 40-km resol uti on domain covering the | ower 48
United States and adj acent areas of Canada, Mexico, and ocean.
Every three hours or 8 tinmes per day, the RUC2 produces an
anal ysis and hourly forecast files out to 12 hours. Every other
hour or 16 times per day, the RUC2 produces an anal ysis and
hourly forecast files out to 3 hours. At 0000 UTC and 12000 UTC
a 58 mnute data cutoff is used to allow the radi osonde data to
be included. At all the other tinmes, a cutoff of 20 m nutes is
used. The O analysis relies heavily at asynoptic tinmes on data
from ACARS aircraft and wind profilers (the use of VAD wi nds from
t he WBR- 88D radars had been turned off during 1999). An entire
cycle consisting of an analysis and 12 hour forecast runs in
about 50 m nutes.

The RUC was devel oped by NOAA/ OAR s Forecast Systens
Laboratory where it is known as the Mesoscal e Anal ysis and
Prediction System (MAPS). One of its unique aspects is its use of
a hybrid vertical coordinate that is primarily isentropic. Most
of its 40 levels are isentropic except for layers in the | owest
1-2 km of the atnosphere where terrain-follow ng coordinates are
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used. The two types of surfaces change snoothly fromone to
anot her.

The RUC2 perforns a nultivariate O height/w nd
anal ysi s and subsequent univariate anal yses of virtual potential
tenperature and condensation pressure. A 3D-VAR is being
devel oped to replace the O analysis. The first guess is the one
hour forecast fromthe previous cycle. Lateral boundary
conditions are specified fromforecasts fromthe Meso Eta nodel.

RUC2 output is converted to standard neteorol ogi cal
vari abl es and vertical coordinates for users in the Gidded
Binary (GRIB) format. The RUC2's 40 km conmputational grid is a
subset of the 40 km AWPS Lanbert conformal projection and
therefore no horizontal interpolation is required. Qutput grids
of tenperature, heights, relative humdity, and u,v winds are
interpolated vertically to isobaric |evels between 1000 and 100
hPa every 25 hPa. During the post-fire period, only the old 60 km
RUC woul d have been possible to run on the smaller J-916, so FSL
kindly provided tinely replacenent grids directly to OGSO from
their hourly 40 km MAPS runs.

3.4 Hawai i an | sl ands Run

This run provides forecasts over the Hawaiian |sl ands
at a very high resolution (10 km) from 0000 and 1200 UTC out to
48 hours for distribution to Hawaii via FTP (I NTERNET). The nodel
used in this run is the Regional Spectral Mdel. This nodel is
identical to the gl obal spectral nodel used in the AVN, MRF and
FNL, except that it is run over a snmall domain at nuch higher
resolution. Initial conditions and boundary conditions for this
run are interpolated fromthe current AVN run. A higher
resolution depiction of terrain is used but little verti cal
interpolation is required since the nunber of levels is the sane
as in that run (42 sigma levels). During the post-fire period,
the 10 km RSM was run on the smaller J-916 and, consequently, its
gui dance was del ayed by several hours. The RSM was noved to the
IBMin early February 2000. A 10 kmversion of the Meso Eta
Model with a mini-EDAS is being prepared as a possible
repl acenent for the RSM systemin this application.

3.5 The Avi ation (AVN Run

The AVN is run four tinmes daily, frominitia
conditions at 0000, 0600, 1200, and 1800 UTC out to 84 hours. Its
primary purpose is to prepare guidance in support of NCEFP s
international aviation responsibilities. The data cutoff tine is
2:45 to speed up reception of the aviation guidance over the GTS.
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The forecast nodel and analysis systemused in the AVN run are
identical to those used in the MRF, and are described bel ow. Any
differences in performance arise fromthe earlier cutoff tinme of
t he AVN

The anal ysis nethod is nulti-variate Spectral
Statistical Interpolation (SSI). As with the other forecast runs,
the six hour forecast fromthe Final run (4.9) is utilized as the
first analysis guess. The analysis adds corrections to the first
guess directly in the nodel variables and coordi nate system

The forecast, using an 126-wave triangular truncation
and 28 vertical levels, is run to 84 hours, with the production
of pressure level information at 3-hour intervals, as well as in
spectral coefficient form

bj ective gui dance based on the MOS approach is
avail able for max/m n tenperature, PoP, nean cl oudi ness, and
conditional probability of snow for projections of 24 to 72 hours
i n advance. The guidance is produced from both the 0000 and 1200
UTC runs of the AVN nodel and is available for nore than 225
stations in the contiguous U S., Al aska, and southern Canada.
Forecasts are issued in al phanuneric nessages, and are avail abl e
in also gridded form Extratropical stormsurge forecasts are
generated twice daily for projections out to 48 hours for
nunmerous sites along the east coast and northwest coast of the
US., the ulf of Mexico, and the coast of Al aska al ong the
Beri ng Sea.

3.6 The Hurricane (HCN) Run

The Hurricane (HCN) run provides nunerical guidance for
hurricane track and intensity forecasts nade by the Tropical
Prediction Center (TPC), Mam for tropical stornms or hurricanes
inthe Atlantic, East Pacific, or Caribbean basins (including the
Qul f of Mexico). The HCN run nmay al so be initiated on request
fromthe TPC for a tropical depression that is expected to
intensify into a tropical stormor hurricane.

The HCN forecast nodel is the Geophysical Fluid
Dynam cs Laboratory (GFDL) Hurricane Mddel (GHM, which is a
triply-nested nodel with resolutions of 1.0, 1/3, and 1/6 degree
| ati tude resolution and 18 vertical l|levels. The outernost domain
extends 75° in the meridional and |ongitudinal directions.
Initial conditions are obtained fromthe current AVN run (3.5
above). Input paranmeters for each stormare provided by the TPC
and include the latitude and | ongitude of the storms center,
current stormnotion, the central pressure, the radii of 15 nis
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and 50 mis winds. Qutput fromthe nodel consists of forecast
track positions and maxi mum wi nd speeds, various horizontal
fields on pressure surfaces (such as wi nds and sea-|evel
pressure), and sonme graphics products such as a swath of maxi num
wi nd speeds and precipitation throughout the 72 hour forecast
occurring at each nodel grid point.

3.7 The NCEP Tropical Cyclone Synthetic Data System ( SDS)

The purpose of the NCEP tropical cyclone Synthetic Data
System (SDS) is to produce a cyclone-like vortex correctly
positioned in the global nodel analyses and to track this vortex
t hroughout the nodel forecast.

| nput data to the SDS are provi ded by operational
tropical cyclone forecast centers around the world such as the
Tropical Prediction Center, Mam . NCEP receives data on storns
in the Atlantic, East and Central Pacific, Wst Pacific,
Australian and Indian Ccean basins. The storm data consist of
storm positions, current notion, and various strength and size
paraneters such as the central pressure.

The synthetic data are w nd-only soundi ngs derived from
the tropical cyclone strength and size paraneters. These
soundi ngs are added to the data base for each gl obal node
anal ysis. The analysis treats these soundi ngs as i nput
observati ons.

An automated vortex tracker has been added to derive
storm forecast positions fromthe nodel output. The tracker
scans the nodel wind and height fields for each forecast tinme to
pick up a signature that is characteristic of a tropical cyclone.
Tracks are produced twice daily fromthe Aviation nodel run for
all stornms on a global basis and once daily fromthe MRF run
Di agnosed tracks in the Atlantic and the East and Central Pacific
are reported to the Tropical Prediction Center and are added to
an on-line track archive.

3.8 The Medi um Range Forecast (MRF) Run

The MRF run produces a global forecast to day 16 at 00
UTC only. It uses a 126-wave triangularly truncated (T126)
hori zontal resolution for the first seven days and T62 out to day
16. Vertical resolution is 28 |evels throughout. The MRF uses the
sanme analysis as the Final run (see below). Data cutoff tine is
H+6: 00.

bj ective gui dance based on the MOS approach is
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avai l able for the max/mn tenperature, PoP, nmean cloudi ness, nean
w nd speed, and conditional probability of snow for projections
of 1 to 8 days in advance for nore than 225 stations in the
contiguous U. S., Al aska, and southern Canada. These forecasts
are produced once a day fromthe MRF nodel and are available to
NCEP to aid in the preparation of the nediumrange forecasts.

The nedi um range gui dance is also dissemnated directly to NWs
forecasters. Ensenbl e-based MOS forecasts of max/mn tenperature
and PoP are generated for the sane set of stations as included in
t he basic MRF MOS package. In addition, unique MOS gui dance
packages are produced for specialized users. Quidance for air
and soil tenperatures, sunshine, mnimumrel ative humdity, and
ground condensation is generated for a nunber of agricultural
stations in South Carolina. Forecasts of max/mn tenperature,
PoP, and QPF are dissem nated for stations in Washi ngton, Oregon,
| daho, Montana, and sout hwestern Canada.

3.9 The Final (FNL) Run

The FNL run, the last run in any one cycle, produces
the best analysis and first-guess (6 hour forecast)four tines
daily for the next anal ysis/forecast cycle by delaying the run as
| ong as possible to pick up late-arriving conventional and
satellite data. This anal ysis/forecast procedure is known as the
A obal Data Assim |l ation system (GDAS). Data cutoff tinmes are
H+6: 00 for the 0000 GMI run; H+9: 30 for the 0600 GMI run; H+9: 00
for the 1200 GMI run; and H+9: 30 for the 1800 GMI run.

The conventional and satellite data are analyzed with
the Spectral Statistical Interpolation (SSI) analysis system
Since Cctober 1995 satellite radi ances from polar-orbiting
satellites were used rather than satellite retrievals in the
anal ysis. In 1998, GOES radi ances were included. 1In early 1999
AVBU A radi ances were added.

3.10 The Ensenbl e Run

During the past year the gl obal operational ensenble
system was configured to have 17 forecasts per day. The ensenble
mean forecast often has useful skill on a daily basis out to 16
days lead tine during the winter half year. Considerable effort
has been put into displaying user friendly information fromthe
ensenbl e for use of NCEP and outside forecasters. Both the
original forecast data and the postprocessed probability
information in graphics format have been made avail abl e t hrough
an anonynous ftp account to the general user conmunity.
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3.11 Wave Forecast Run

The NOAA WaveWat ch3 (NWAB) has been accepted for
i npl enentation to produce gl obal wave forecasts on the Class VI
conputer. The gl obal nodel has a 1x1.25 degree spaci al
resolution in latitude/longitude and has 25 frequencies and 24
directional bands. This nodel will replace the WAM Cycl e4 whi ch
is being used for operational wave forecasts until now.
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4. PLANS FOR FUTURE OPERATI ONAL SYSTEMS
4.1 Regi onal / Mesoscal e Gui dance
4.1.1 Et a Changes

4.1.1.1 Mar ch 2000 Changes

(1) Change the convection schene to increase
I'i kel i hood of convection over higher terrain and
to reduce the high coastal bias in southeast.

(2) Extend the on-tinme runs to 60 h.

(3) Provide AWPS SBN with higher resolution grids (40
kmgrid #212 and 20 kmgrid #215) fromthe on-tine
runs.

(4) Account for the drift of the radi osonde balloon in
t he 3D VAR anal yses.

(5 The WSR-88D VAD wi nds will be turned back on and
incorporated into the 3DVAR with a new QC

package.

(6) The Shuell pressure reduction will be added as an
alternative sea-level pressure field.

(7) Bunkers dynamc nethod will be used to conpute

(supercell) storm notion
4.1.1.2 May/ June 2000 Changes

An extension of the 0000 UTC run out to 84 hours and
extension of the 1200 UTC run to 72 hours is planned for an
internal inplenentation. Product distribution will initially be
via ftp.

4.1.1.3 August 2000 Changes

(1) Inplenment new 3D VAR anal ysis code which will use
t he Message Passing Interface (MPl) paradigmto
make use of multiple nodes on the | BM conputer.

(2) Direct 3D VAR analysis of radiances from pol ar -
orbiting and geostationary satellites

(3) EDAS assimlation of observed precipitation and
cloud top pressure.

(4) Analysis of radial velocity from WSR-88D radar.

(5) Increase anal ysis update frequency in the EDAS
fromevery 3 hours to every hour.

(6) Increase horizontal resolution from32 kmto 22 km
w th expansion of domain (to the west) back to
pre-32km si ze.

(7) Increase nunber of vertical levels from45 to 50.
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(8) Inprove nodel physics: |and-surface package
upgrade to version 2.0, convection & grid-scale
precipitation, diffusion etc.

4.1.1. 4 Longer Ter m Changes

Current thinking and published NW6 comm tnents call for
a high resolution 10-12km 70 | evel Meso system (forecast nodel
and 3DVAR/ EDAS) to be ready for acceptance testing and
benchmarki ng on the Phase Il IBM This represents a substantia
acceleration of current efforts. Current NWS and NCEP
requi renents call for 84-hour forecasts from 00 UTC, 72-hour
forecasts from 1200 UTC, and 54-hour forecasts from 0600 and 1800
UTC.

4.1.1.5 Salt Lake Gty dynpics Support

A high resolution Eta-10 wll be running out to 60
hours from Novenber 2000 to March 2001 at |east tw ce per day,
and dependi ng on conputer availability, four tinmes per day. This
woul d keep the nodel and output as nearly identical as possible
between the two years and would all ow NCEP to nake the Eta-10
operational in Novenber 2001 (as planned & prom sed) while giving
t he special weather support teamthis guidance during the
previous winter. The workstation version of the Eta is al so
avail able to be run on a schedul ed or on-denmand basis to provide
addi ti onal support.

4.1.2 NGM Mar ch 2000 Changes

The NGMw || be initialized using the “early” Eta 3D
VAR over North Anmerica and the AVN over the renainder of the
grid. Warm and cool season tests have been made with only slight
degradation (largely due to earlier data cutoff). Inplenentation
on the IBMis tentatively scheduled for 15 March 2000. NGM and
NGM MOS gui dance will then be avail able roughly 50 m nutes
sooner.

4.1.3 Saudi Eta Changes

It is anticipated that nore work will be done using
hi gher resolution (~22 kmgrid spacing) Eta runs covering snaller
domai ns, particularly during the sumrer season when synopti c-
scal e influences are weaker. How well the Eta nodel represents
t he observed sea-breeze circulation will be of interest, as wll
its treatnent of convection over the nountai nous sout hwestern
part of the Kingdom The experinmental nonhydrostatic nodel of
Janjic will also be applied to these probl ens.
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4.1.4 Weat her Research and Forecasting (WRF) Model
Devel opnent

NCEP has joined forces with NCAR, FSL, and CAPS to
begin a co-devel opnent of a next generation stormscal e nesoscal e
nodel i ng system The co-devel opnment provides an opportunity to
conbi ne the expertise of operational and research nodelers in
col | aborati ve devel opnent of an inproved nesoscal e weat her
forecast nodeling and data assimlation system |n devel oping
this nodel, there will be an objective evaluation of alternative
approaches so that the best features of existing nesoscal e nodels
can be used and new t echni ques can be devel oped where
deficiencies are identified. The NCEP contribution to the WRF

wi |l be a nonhydrostatic nodel using sem -Lagrangi an nunerica
techni ques and will be designed for 1-10 km hori zontal resol ution
wi th advanced data assimlation and physics. It will be accurate

and efficient across a broad range of scales and will be well
suited for both research and operations. For nore information on
t he WRF Mbdel see:

http://ww. enc. ncep. noaa. gov/ mmb/ wr f /i ndex. ht M and
http://box. mm ucar. edu/ wf/

4.1.5 Short - Range Ensenbl e Forecasting

Commence routine production of the SREF system and
product suite (SREF-1) on IBM SP by April 2000. Systematic
eval uation then follow. The target systemw |l be a 10 nenber,
48 km North Anmerican domain running twice a day to 60 hours with
out put avail able every 3 hours. The initial perturbations wll
be regionally bred. The initial SREF-1 has no perturbations on
nodel physics. The output will include ensenbl e nean and spread
charts, spaghetti charts, probability charts, and neteograns.

4.2 d obal Gui dance

Extend the AVN forecasts to 126 hours for 00 GMI and 12
GMI' to provi de gui dance and boundary forcing for Hurricane
f orecast nodel s.

Test higher vertical resolution version of the nodel
(42 levels to 60 levels) to make better use of satellite radi ance
observati ons.

Modi fy convection and tropical storminitialization
procedures to reduce false alarns and to i nprove gui dance for
tropi cal storns.

Test and i npl enent prognostic condensate schene.


http://www.emc.ncep.noaa.gov/mmb/wrf/index.html
http://box.mmm.ucar.edu/wrf/
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| mpl ement i nproved ozone error covariance esti mates.

Test and i nclude new observati ons such as GOES-10
sounder and Qui ckscat.

Test and inplement a new quality control procedure for
r adi osondes.

4.3 Mari ne Prediction

Hi gh resolution SSMI retrievals fromthe OVBNN4 neura
network algorithmw ||l be tested and inplenented in the data
assimlation cycle of the Eta nodels.

NCEFP' s new third generation gl obal wave forecast node
and the regional nodels for the North west Atlantic and the
Al askan Waters regions will be inplenmented on the | BM

The Coastal Ocean forecast Systemw ||l be run in an
experinmental node to provide guidance to a selected set of users
during the second Coastal Marine Denonstration Project in
February-March, 2000. A final summary of the two CVDP efforts
will be prepared.

A devel opnent of sea ice clinmatology to provide daily
and nmonthly normals will be initiated for use in devel oping
statistical forecasts.

4.4 Hurri cane Prediction

Coupl ed at nosphere-ocean forecasts using the G-DL
hurri cane nodel and the Princeton ocean nodel will be tested
during the summer of 2000. The devel opnent was done by | saac
G nis of the University of Rhode Island.

4.5 Statistical Cuidance

Efforts to devel op and inplenment the MOS-2000 system
will continue. A conplete MOS forecast system based on the AVN
run of the G obal Spectral Mdel will be inplemented. The MRF-
based MOS systemw || be enhanced by addi ng forecasts for
addi ti onal weather elenments and sites. Thunderstorm and
preci pitation anmount gui dance based on the Eta nodel will be

devel oped and inplenented. Statistical nethods will be inproved
t hrough use of new techni ques. bjective guidance products w ||
be enhanced by extending forecast areas, including nore |locali-
ties, and addi ng new weat her el enents and forecast projections.
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A new version of the three-dinmensional trajectory nodel
wll be inplemented to run fromw nd forecasts generated by
NCEFP' s Eta nodel. The Eta-based trajectory nodel will serve as a
replacenent for the NGW based version when the NGMis
di sconti nued

Devel opnment and testing of the 0-3 h QPF algorithmwll
continue. Operational production and di ssem nation of a
national -scal e radar nosaic will begin. The nosaic will serve as
input to various AWPS applications. A second operationa
versi on of SCAN, which includes key functionality of NSSL's
War ni ng Deci si on Support System as well as automated threat
i ndices for severe weather and flash floods, will be devel oped.

The LAMP cloud |l ayer algorithmw || be inplenented
within the AWPS environnent. Techni ques for producing LAMP
forecasts fromany initial hour will be tested and inpl enented.
Wrk will continue on the preparation of site-specific equations,
t hreshol ds, weight files, and location files for individual WO s
for inplenmentation within AWPS. In addition, the LAVMP gui dance
will be verified. The LAMP QPF nodel will be inplenented at
| ocal NWS offices within AWPS during the next year. An effort
will also be nade to inprove the nodel's 1- and 3- h anal yses of
ant ecedent precipitation.

The hurricane storm surge nodel, SLOSH, will be applied
to other hurricane-prone areas. Changes in physical features
W Il be incorporated into the nodel, as will changes initiated by
i mproved nmappi ng of coastal areas. Forecasting of storm surge
caused by extratropical cyclones will be inproved, and new

products fromthe extratropical stormsurge nodel wll be
avail abl e for coastal areas of the U S. Inclusion of wave
effects into surge nodels will lead to better forecasts of water

|l evel s at the coastli ne.

Interactive nodel interpretation and graphical forecast
editing will be the focus of evaluation at new | FPS rapi d proto-
type sites next year. One site in each NWS regi on has been
selected to experinment with produci ng new grid-based forecast
products via IFPS. Rapid prototyping will be done in parallel
wi th national training and depl oynent of baseline |IFPS
capabilities.
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5.1 Verification Agai nst Anal yses

Precipitation continued to be the output field to which
a high priority was accorded in nonitoring the performance of the

Eta Mbdel. Relative perfornance in terns of precipitation scores
agai nst ot her NCEP operational nodels continued to be nonitored
as well. This verification is based on EMC s precipitation

anal ysis system which uses data provided by the NWs's Ri ver
Forecast Centers (RFCs). They consist of reports of accunul ated
precipitation for each 24-h period ending at 1200 UTC. The
anal ysis covers the area of the contiguous United States with
reports fromon the order of ten thousand rain gauge stations.
In areas of poor coverage, RFCs data are augnented by radar
precipitation estinmates if rain gauge data are available in the
vicinity to calibrate the radar data. Data are analyzed to
verification grid-boxes by sinple box averaging. Gid boxes
whi ch contain no reports or calibrated radar data are not
included in the verification.

Equitabl e precipitation threat and bias scores for 1999
and for three NCEP/ EMC operational nodels, Eta (32 kni 45 | ayer
during 1999), the Aviation (AVN)/ Medi um Range Forecasting (MRF)
Model , and the NGM are shown in Fig. 1. The figure caption
contains definitions of the two scores. The AVN MRF nodel is
verified on its grid; the Eta and the NGV forecasts are remapped
to an 80-kmgrid for verification. Partly for inadvertent
reasons, the verification systemhas changed in 1999 conpared to
the one used to produce plots of the reports of the two preceding
years. One change is that, starting with April, for both the
0000 and 1200 UTC the AVN run is verified. Another is that the
NGM forecasts are remapped; this is believed to have had little
i npact since the NGM and the 80-km verification grid are of very
simlar sizes. Yet another change is that, as of April, the 3
i nches/ 24 h and greater category has been included in the system
so that now nine categories are nonitored.

In view of the significant year-to-year variability of
precipitation scores as a result of climate variations alone, a
relative conparison of nodels may be of just as much interest as
the actual scores. |In this sense, conpared to the scores of
1998, the Eta as well as the AVN MRF Mbdel are seen to have
i ncreased their advantage over the NGM at the two | east intense
precipitation categories; and to have denonstrated | ess of an
advantage at the remaining categories up to and including 2
inches/24 h. Since the NGM systemis frozen, reasons for this
are not obvious and are suspected to be in climate variations as
well. The relative standing of the two "live" nodels, the Eta
and the AVWNVMRF, is simlar to that of the preceding year.
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1999 Equitable Threat and Bias Scores
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Fig. 1. Equitable precipitation threat scores (upper panel) and
bi as sores (lower panel) for 1999, for the Eta Mddel for the
Avi ati on/ MRF Model (AVN MRF) and the NGM

The equitable threat score is equal to (HE)/(F+tOHE) , where H
is the nunber of "hits", EEFON is the nunber of hits in a random
forecast, F is the nunber of forecast points, Ois the nunber of
"observed" points, and Nis the total nunber of points verified.
The bias score is equal to F/O  The nunbers bel ow t he absci ssa
of the | ower plot show the precipitation thresholds, in inches/?24
h, which are verified. The nunbers above the upper plot show the
total nunber of the 80-kmverification boxes which were

"observed”. Scores are for a sanple containing three verifica-
tion periods, 0-24, 12-36, and 24-48 h, of all the forecasts that
were recorded by the system The skill at 3 inches and greater

may be of special interest as this category is a new feature and
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as it illustrates the nodel performance in very heavy precipita-
tion events such as hurricanes and other major rainstornms. SiX
events have been noted responsible for positive skill at that
category, including an orographic rain event over the Pacific
Nort hwest, two | ows over the Gulf coastal regions, Hurricane
Irene, Hurricane Dennis, and a frontal event with very heavy
rains stretching across central Mine south-sout hwestward towards
and into eastern Connecticut. The rain fromthe nost intense

| andfal ling hurricane of the season, Floyd, failed to be included
due to technical problens. The |arge advantage of the Eta at 3

i nches and greater is for the nost part due to its skill in the
New Engl and event, on 11 Septenber, with the nodel forecasting
correctly about two thirds of the eight "observed" verification
boxes, in each of its three consecutive "on tine" (0000 and 1200
UTC) forecasts.

5.2 MOS Products

A national verification program designed to verify
| ocal official forecasts and to conpare their skill and/or
accuracy to MOS gui dance, has been in operation for over 25
years. Forecasts included in the conparison are: probability of
precipitation, max/mn tenperature, surface w nd, cloud anount,
ceiling height, visibility, snow anount, and precipitation type.
Wi | e consi derable variation exists in the relative accuracy of
gui dance and | ocal forecasts for different elenents, verification
scores clearly indicate the useful ness of the MOS gui dance.

A quantitative illustration of the PoP gui dance
performance is given in Fig. 2 which shows the overall skill in
terms of percent inprovenent over climate of the PoPs during the
cool (Cctober-March) and warm (April - Sept enber) seasons for the
period fromApril 1972 through Septenber 1999. During this
period, the guidance was produced exclusively by the MOS ap-
proach. The conparison is nmade in terns of a score P, defined
for a sanple of size N as foll ows:

1 N
P=- x (fi - B)?
N i=1

where f, is the forecast probability that precipitation wll

occur for the i-th case, and E equals the value of 1 or O,
respectively, according to whether precipitation did or did not
occur. The results indicate that the percent inprovenent in P-
score over climate for the PoP gui dance increased over the years
as changes were nmade to the MOS system and the underlying dynam -
cal nodel .
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Figure 2. Percent inprovenent over climate in the P-score for
the probability of precipitation guidance. The forecasts were
based on 0000 and 1200 UTC cycle data for approxinately 80
stations in the contiguous United States prior to COctober 1983
and for approximately 90 stations after that tinme. Cool season
results for the 1996-1997 season were only avail able for the
Cct ober through Decenber peri od.
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Figure 3. Mean absolute error (°F) of the 24- and 48-h nax

t enperature gui dance. The forecasts were based on 0000 UTC cycle
data for approxinmately 80 stations in the contiguous United
States prior to October 1983 and for approximately 90 stations
after that tinme. Cool season results for the 1996-1997 season
were only available for the October through Decenber peri od.

Simlarly, Figs. 3 and 4 show nean absolute errors for
the objective max and min tenperature forecasts, respectively,
during the period fromApril 1970 through Septenber 1999. From
April 1970 until August 1973, the objective guidance was based on
the perfect prog nethod. From August 1973 to the present, the
gui dance was produced exclusively by the MOS approach. Note the
substantial inprovenent in both the max and mn tenperature
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gui dance since 1970. 1In fact, the nmean absolute errors for the
48-h max forecasts during the cool season are now about the sane
as the errors for the 24-h guidance of 15 to 20 years ago. A

| arge portion of the apparent inprovenent in the mn tenperature
gui dance occurred in Novenber 1985 when the gui dance was nodified
to predict a nighttine mn instead of a calendar day mn. Prior
to that tinme, the guidance was valid for a cal endar day mn, but
was verified by using an observation of the nighttine min. Wth
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Figure 4. Mean absolute error (°F) of the 24- and 48-h mn

t enper ature gui dance. The forecasts were based on 0000 UTC cycle
data for approximately 80 stations in the contiguous United
States prior to October 1983 and for approximately 90 stations
after that tine. Cool season results for the 1996-1997 season
were only available for the October through Decenber period.
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t he Novenber 1985 inplenentation, the valid period of the guid-
ance and the verifying observation matched.
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